The southeastern Bering Sea is characterized by three mixing regimes, separated by fronts associated with the 50, 100, and 200 m isobaths. Phytoplankton to zooplankton transfer-rates are high in waters over the outer shelf and slope (seaward of the 100 m front) relative to transfer in waters over the middle shelf (between the 50 and 100 m fronts). To see whether this difference is reflected at a higher trophic level, we computed carbon flux to the 11 commonest seabird species. Bird-density data (for the period 1975 through 1979) were combined with daily caloric requirement, which is an allometric function of body size in this endothermic group. Minimum transfer to seabirds over a 153 d period (April-August) was 30mg Cm -2 for the middle shelf and 48 mg C m -~ for outer shelf and slope waters. Trophic transfer to subsurface-feeding birds (shearwaters, murres and auklets) differed little between regions. In contrast, trophic transfer to surface-feeding birds (fulmars, petrels, and kittiwakes) in the outer shelf and slope waters was 3 times greater than in the waters of the middle shelf. Thus, for seabirds as a whole, pathways of energy transfer differed more between regions than did total carbon flux.
system on the outer shelf (100 to 200 m depths). The outer, or shelf-break front (Kinder and Coachman, 1978) , separates shelf waters from saltier oceanic waters.
Primary productivity is on the order of 100 g C m -2 yr -1 for the middle and outer shelf (McRoy and Goering, 1976) . But while the outer shelf region is dominated by a pelagic food web, the middle shelf region is dominated by a benthic food web (Iverson et aL, 1979) . The difference results from low carbon flux to zooplanktonic grazers on the middle shelf, compared to high flux to grazers on the outer shelf (Cooney and Coyle, in press). The greater transfer to pelagic food webs in the outer shelf waters led us to predict a concomitant pattern of greater transfer to an apex predator, seabirds.
For endotherms such as seabirds, food requirements and metabolism are proportional to weight raised to a power of 0.75 (Lasiewski and Dawson, 1967; Kendeigh, 1970) . As a result of this allometry, a given biomass of large-bodied consumers requires a smaller daily ration than an equal biomass of small-bodied consumers. Thus, abundance and weight data must be combined with an allometric scaling in order to test whether carbon flux to birds differs between middle and outer shelf mixing regimes.
Introduction
The southeastern Bering Sea is a relatively wide continental shelf with low cross-shelf advection (Coachman and Chamell, 1979) . Because advective flow is small, shelf waters become divided into four distinct mixing regimes separated by three fronts (Kinder and Schumacher, 1981 ).
An inner front (Schumacher et al., 1979) separates homogeneous coastal waters (less than 50 m depth) from stratified waters over the middle shelf (50 to 100 m depths). A middle front (Coachman and Charnell, 1979) separates a two-layer system on the middle shelf from a three-layer Counts during 1978 and 1979 were made during PRO-BES cruises (Processes and Resources of the Bering Sea Ecosystem). Counts were made in a 90 ~ sector extending 300 m abeam from the ship while steaming at known speeds. Details on count procedure have been reported elsewhere (Hunt et al., 1980 (Hunt et al., , 1981c . Possible bias by attraction of birds to ships was checked by observing birds from a helicopter in 1977. For ship-attracted species, a correction factor was computed from ship and helicopter counts, paired by location.
Regions for analysis were delimited by bathymetry, with each region centering around the PROBES transect (Fig. 1) . Occupancy of each region by each species was defined as the average density for each month, multiplied by the number of days in the month, then summing these products over a period of maximum bird activity (April through August). The precision of this measure was taken as the average within-month variance, weighted by sample size. That is, the standard deviation was computed from the within-month sum of squares, rather than the total sum of squares.
Weights were obtained from birds collected in the southeastern Bering Sea. For non-breeding birds, daily food requirements were assumed to be 2.5 times the standard metabolic rate on the basis of work by MacMillen and Carpenter (1977) and by Weathers and Nagy (1980). Standard metabolic rates (SMR) were obtained from the equation for non-passerine birds (Lasiewski and Dawson, 1967) :
where SMR = kcal d -1 and M= kg. The modified equation to account for diurnal activity (Aschoff and Pohl, 1970) was not used because seabirds were active at night. The following literature values were used to convert energy requirements to grams of carbon: 0.7 kcal assimilated kca1-1 ingested (Kendeigh et al., 1977) ; 5 kcal g-1 dry wt of fish (Nishiyama, 1977) ; and 0.4 g C g-1 dry wt of fish, squid and arthropods (Curl, 1962) . A few estimates of daily food consumption by seabirds were available in the literature. These were compared to daily food (fish) requirements by using a conversion of 0.27 g dry wt g-1 wet wt (Wiens and Scott, 1975) .
Behavioral observations suggested that density estimates for fulmar might be high due to attraction of birds to ships, including research vessels. The mean density for ship counts was 3.4 times that for helicopter counts. The difference was almost significant for a two-tailed test (paired t= 1.31, #=0.07). Since the variances involved were large and the sample size was small, it was prudent to compute the difference in means that could be detected with this sample size. The statistical test was sensitive enough to detect a 5-fold difference between ship and helicopter counts. To avoid Type II statistical error, we concluded that fulmar density estimated from ship counts fell within the range of 1 to 5 times the density estimated from helicopters. We reduced estimates of fulmar usage by a factor of 3.4 for the study areas.
